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p(xt|qt=i, xt−11 , ys1, τt−1=s)def= p(xt|qt=i) ; 
p(xt, ys|qt=i, xt−11 , ys−11 , τt−1=s− 1)def= p(xt, ys|qt=i) ;
P (qt=i|qt−1=j, xt−11 , ys−11 , τt−1=s− 1)def=P (qt=i|qt−1=j) ;<
  "	 	#  $	%
 
α(i, s, t) = P (qt=i, τt=s, xt1, y
s
1, ut−1=s− 1) + P (qt=i, τt=s, xt1, ys1, ut−1=s) ;
α(i, s, t) = P (τt=s|qt=i, xt1, ys1, ut−1=s− 1)P (qt=i, xt1, ys1, ut−1=s− 1)
+ P (τt=s|qt=i, xt1, ys1, ut−1=s)P (qt=i, xt1, ys1, ut−1=s) ;.
α(i, s, t) = (i, t)p(xt, ys|qt=i, xt−11 , ys−11 , ut−1=s− 1)
P (qt=i, xt−11 , y
s−1
1 , ut−1=s− 1)
+ (1 − (i, t))p(xt|qt=i, xt−11 , ys1, ut−1=s)
P (qt=i, xt−11 , y
s
1, ut−1=s) ;0
α(i, s, t) = (i, t)p(xt, ys|qt=i)
P (qt=i, xt−11 , y
s−1
1 , ut−1=s− 1)
+ (1 − (i, t))p(xt|qt=i)
P (qt=i, xt−11 , y
s
1, ut−1=s) ;=
α(i, s, t) = (i, t)p(xt, ys|qt=i)
N∑
j=1
P (qt=i|qt−1=j, xt−11 , ys−11 , ut−1=s− 1)P (qt−1=j, xt−11 , ys−11 , ut−1=s− 1)
+ (1 − (i, t))p(xt|qt=i)
N∑
j=1
P (qt=i|qt−1=j, xt−11 , ys−11 , ut−1=s)P (qt−1=j, xt−11 , ys1, ut−1=s) ;>
α(i, s, t) = (i, t)p(xt, ys|qt=i)
N∑
j=1
P (qt=i|qt−1=j)α(j, s− 1, t− 1)
+ (1 − (i, t))p(xt|qt=i)
N∑
j=1
P (qt=i|qt−1=j)α(j, s, t − 1)  
  $	 
 	  
 
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Q(Θ; Θˆ) = Eq,τ
[



















E[qt=i, τt=s|τt−1=s− 1, xT1 , yS1 ] log p(ys, xt, τt=s|qt=i, τt−1=s− 1)+
S∑
s=1
E[qt=i, τt=s|τt−1=s, xT1 , yS1 ] log p(xt, τt=s|qt=i, τt−1=s)+
N∑
j=1
E[qt=i, qt−1=j|xT1 , yS1 ] logP (qt=i|qt−1=j)


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(1− (j, t + 1))p(xt+1|qt+1=j)P (qt+1=j|qt=i)β(j, s, t + 1) .  .
